To determine the inter-observer reproducibility of 15 tests used for predicting difficult tracheal intubation (DI). Material and methods. Following local ethics committee approval and informed consent, 101 volunteers were examined by two assessors using 15 tests for predicting DI. The two assessors who were blinded to the results of the other, examined each volunteer independently. Cohen's kappa (κ) or first-order agreement coefficient (AC1) were used to measure agreement between assessor ratings on a qualitative scale. Agreement between two quantitative outcomes was described using the intraclass correlation coefficient ( Conclusion. Best inter-rater agreement was found for the assessment of neck circumference while the highest discrepancies between raters were in goniometrically-measured mobility of the C-spine.
INTRODUCTION
Tracheal intubation is a mainstay of airway management during general anesthesia and usually performed uneventfully. However, if the intubation appears to be difficult or impossible after induction of anesthesia, critical oxygen desaturation may occur. Unanticipated difficult intubation can be more dangerous than a predicted one when a potential airway problem is detected before anesthesia.
There are many clinical tests for predicting difficult intubation (DI). Unfortunately, single tests, such as Mallampati classification, are not reliable enough to prospectively detect all cases of DI (ref. [1] [2] [3] [4] ). Combining several tests may be more effective and may improve the accuracy of the assessment. However, studies have demonstrated conflicting results in the predictive value of models consisting of different test combinations [5] [6] [7] . A correct model must be both reliable in classifying patients' airway and give the same results when performed by different assessors (reproducibility).
The aim of this study was to determine the inter-rater agreement between two assessors (medical students) using fifteen parameters for predicting difficult intubation.
MATERIALS AND METHODS
Following local ethics committee approval and informed consent, 101 volunteers (medical students) were [17] [18] [19] Biting examined (2-5/day) with 15 tests for predicting difficult intubation. In random order, each volunteer was examined in one session independently by two co-authors (O. J., T. V.) who were thoroughly instructed in carrying out the tests. Examinations performed by assessor O. J. created the O group while the group T included the corresponding examinations done by T. V. The measurements were done under standardized conditions and each assessor was blinded to the results of the other. The airway assessment consisted of fifteen parameters and measurements (see Table 1 ). ). There was no significant difference in age for the two genders (p=0.847). Compared to females, males were significantly taller (p<0.0001), heavier (p<0.0001) and had higher BMI (p<0.0001).
Two tests (positive history of DI and retrogenia), were excluded from calculation because no positive cases were found. The coefficients of the inter-rater agreements of the qualitative and quantitative tests are given in Tables 2  and 3, respectively. There was a systematic bias between assessors for measurements of all quantitative parameters (see Table 4 , Fig. 1 and Fig. 2 ).
DISCUSSION
We demonstrated variable inter-observer reproducibility of tests for predicting DI. The best agreement between assessors was found for determining neck circumference; the worst results were obtained for the goniometric measurements (anteroflexion and retroflexion of cervical spine). Inter-observer reproducibility of a test depends upon factors related to both rater and person examined 10 . Rater components of errors include incorrect/ inconsistent measurement technique that may be due to insufficient instructions and/or inaccurate methodology. Each test must be described as simply as possible but the accuracy of the measurement procedure has to be maintained. To reduce this potential source of error, we used both written description of all measurements and practical training of the assessors before the start of the study. However, it is doubtful whether these steps were 14, 15 , n/A = not applicable DI = difficult intubation, MMT = Modified Mallampati test 16 , ULBT = Upper lip bite test [17] [18] [19] , TM = temporo-mandibular Inter-observer agreement 8 When necessary, the required maneuvers were clearly described several times and demonstrated repeatedly 11 . This study is relevant not only to pre-anesthetic airway assessment and predicting DI. The results present a statistical challenge, too. The Cohen's kappa coefficient (κ) is a statistical measure of inter-rater agreement for qualitative (categorical) items 12, 13 . Kappa-values range from -1.0 to 1.0. Negative values occur when agreement is weaker than expected by chance. When we get κ=0, the agreement is the same as would be expected by chance, κ=1.0 indicates perfect agreement above chance. However, in our study, the high percentage agreement between assessors for some parameters did not correspond to low κ-values (see Table 2 ). For these parameters, first-order agreement coefficient (AC1) was calculated as an alternative to the κ coefficient. Some authors believe that the AC1 value reflects the inter-rater agreement more realistically than the Cohen's kappa coefficient 14, 15 . The limitation of the AC1 is that it can be used for contingency tables 2 × 2 only. When a qualitative parameter has more than two values, either another agreement coefficient (AC2) has to be used or some groups have to be merged for AC1 calculations. In our study, MMT (Modified Mallampati test) (ref. 16 ), ULBT (Upper lip bite test) [17] [18] [19] and Temporo-mandibular (TM) joint movement were the relevant parameters suitable for merging groups. In three volunteers, clinical impression of potential DI was positive (one in the O group, two in the T group). This parameter had poor inter-observer correlation when measured with Cohen's kappa coefficient (-0.013), but excellent if AC1 was used (0.969). Very low incidence of positive cases is a limitation of these results.
No volunteer declared a positive history of DI. This could be for two reasons. Either the volunteer had had no anesthesia or the intubation for his/her previous anesthesia was not difficult. As we were unable to distinguish between these two groups and the incidence of positive anamnesis of DI was zero, this parameter was excluded from statistical analysis. The same applied to retrogenia: there was no positive case in the groups.
Pathologies associated with DI were detected only in two volunteers. The agreement between the assessors was as high as 99%. Based on the Cohen's kappa coefficient, good agreement was detected (κ=0.662). When AC1 was used, the strength agreement was graded as excellent (AC1=0.99). These results show the advantage of AC1 over Cohen's kappa coefficient. As we intuitively feel, when the examinations of the assessors were identical in 99% cases, the degree of agreement should be described as excellent. On the other hand, one must take into consideration the low incidence of pathologies determined and probably not present in the study group.
Four Grades (I, II, III, IV) in the MMT (Modified Mallampati test) (ref. [1] [2] [3] [4] 16 ) were merged into two -(I + II) and (III + IV). This is reasonable because Grades I and II are considered an unrestricted pharyngeal view while Grades III and IV indicate a limited view 3, 16 . 89% volunteers were assigned the same MMT Grade by both assessors, the Cohen's kappa coefficient was 0.503 (satisfactory), and AC1 was 0.861 (excellent). In a previous study, we demonstrated that the MMT, when performed alone, was not a reliable predictor of DI. This limitation of MMT may partially be due to inconsistent assessments by the observers.
For the ULBT (ref. [17] [18] [19] ), there was agreement between the assessors in 91% cases (κ=0.370, AC1=0.897). Similarly, in the parameter TM joint movement, the inter-observer agreement was in 83% cases (κ=0.088, AC1=0.797).
The inter-rater agreement for quantitative measurements was assessed with ICC and correlation coefficients (based on data distribution, Pearson's or Spearman's coefficient were used). Generally, strength of agreement based on ICC was more conservative (giving "worse" results) than the strength judged by Pearson's or Spearman's correlation coefficients. Best agreement between the assessors was in the measurement of neck circumference (both ICC and Spearman's correlation coefficient described it as excellent). One can only speculate that the best degree of agreement was due to a relative simplicity and well-defined and unambiguous measurement method for the neck circumference. In contrast, the lowest level of agreement was in the measurement of neck movements. Maximal anteroflexion and retroflexion were examined with a goniometer. Despite thorough pre-study instructions, at the end of the study, both assessors felt and expressed uncertainty about the accuracy of the method. The assessment of neck mobility is more complex and relies on correct identification of anatomical landmarks and patient co-operation 8 . The most important difficulty was in determination of neutral head position from which both maximal anteroflexion and retroflexion were measured. This is a serious limitation of the goniometric measurements used.
The range of the ICC coefficient and Pearson's or Spearman's correlation coefficients lies between -1 and +1. All coefficients describe the relationship between the paired measurements made by two assessors; the correlation coefficients provide no information about systematic deviation (bias). Bias means that one assessor consistently measures or classifies the given parameter differently from the second one. The Pearson's or Spearman's correlation coefficients can be very high even in the presence of a high inter-observer bias.
Wilcoxon signed-rank test and paired Student's t-test, respectively, showed a significant bias in the measurements of all quantitative parameters between the assessors (p<0.001). The medians of differences (O -T) and upper quartiles for anteroflexion, retroflexion, anteroflexion + retroflexion, HMD, TMD, SMD and IIG were negative (see Table 4 ). This indicates that the measurements of these parameters performed by the assessor T were systematically higher than the measurements done by the assessor O (measurements of T were positively biased). In contrast, the medians of differences (O -T) and lower quartiles were positive for the neck circumference and mandibular length (see Table 4 ), in other words, that the measurements of observer T were lower than those of assessor O (measurements of T were negatively biased).
Systematic deviation can be demonstrated graphically on a simple scatter or a Bland-Altman plot. Fig. 1 and Fig. 2 show an example of these plots for one of the quantitative parameters (neck circumference) when bias was present.
Fifteen years ago, Karkouti et al. (ref. 11 ) studied the inter-observer reproducibility between two experienced residents in ten tests for predicting DI (IIG, subluxation of the mandible, TMD, length of mandibular ramus, retrogenia, chin protrusion, atlanto-occipital movement and score, Mallampati test and MMT). Two tests -mouth opening (ICC=0.93) and chin protrusion (ICC=0.89) -had excellent inter-observer reproducibility. Classical Mallampati test had poor reproducibility (κ=0.31) and the remaining seven tests were moderately reproducible. Due to the different tests used for assessing inter-observer agreement, our results cannot be directly compared to the Karkouti et al. 11 study. However, when the four Grades of MMT (I, II, III and IV) were merged into two (I + II and III + IV), the kappa was comparable in both studies (Karkouti et al. 11 κ=0.49, our results κ=0.503). Thyro-mental distance (Patil-Aldreti test 20, 21 ) is credited as a valuable tool in predicting DI. Unfortunately, data describing its reproducibility are contradictory. Hilditch et al. 10 found excellent agreement between a nurse and anesthesiologist in the measurement of TMD (ICC=0.85). We found poor to fair agreement depending on the coefficient used (ICC= -0.002, Pearson's correlation coefficient = 0.265). This is comparable to Merino García et al. 22 (κ<0.21) and Rosenstock et al. 8 (Spearman's correlation coefficient for specialists = 0.41 and residents = 0.48, respectively). In the same study, the inter-rater agreement for TMD was even worse in DI cases (Spearman's correlation coefficient for specialists = 0.23 and for residents = 0.21, respectively).
Our study has limitations. Two medical students at the end of their undergraduate period performed all assessments. They were given written instructions and underwent practical training in how to carry out the tests. However, they had only a short previous practice in anesthesia and airway management in the operating room. Although previous studies have shown generally variable agreement and inconsistency between assessors irrespective of their qualification (two specialists 8 , two residents 8, 11 , specialist vs. resident 22 , anesthetist vs. nurse 10 ), the assessor's level of expertise may also influence the accuracy 8 . The only goal of the study was to compare the agreement of paired measurements of two assessors and not to determine the ability of the tests to predict DI. Young and healthy volunteers were enrolled and their participation in the study ended with completion of the measurements. They did not have subsequent anesthesia and hence the Inter-observer reproducibility of 15 tests used for predicting difficult intubation ease of tracheal intubation could not be determined. For this reason, in spite of inter-observer bias in most parameters, we were not able to distinguish which measurement, if any, reflected the reality.
To be useful in clinical settings, a model for predicting DI should be simple and feasible, with high accuracy, sensitivity and positive predictive value to identify all patients in whom intubation will be difficult 5 . These criteria can only be met when the input data are correct and consistent. If not, the construction of a model predicting DI may become rather a mathematic entertainment for the particular rater than a valuable clinical tool.
CONCLUSION
Although performed under standardized conditions, not all tests for predicting DI achieved acceptable interobserver reproducibility in our study. Best agreement was demonstrated for the assessment of neck circumference while the highest discrepancies between raters were in goniometrically-measured mobility of the C-spine (max. anteroflexion and retroflexion). The high inter-observer variability of examinations may be one reason why the models for predicting DI are not reliable in all cases.
